A problem in the construction of fusion protein genes is the large effort and expense in the initial screening of colonies. A common initial screening method requires purification of the plasmid containing the gene of interest and cutting with restriction enzymes to release all or part of the gene (4) . Other screening methods involve the polymerase chain reaction (PCR) (3), antibody detection (1) or hybridization with radioactive probes (5) . In our research, we routinely create binary gene fusions in Escherichia coli expression vectors using directional cloning. In the interest of reducing the time and the amount of expensive enzymes required to initially screen for colonies that contain the desired fusion gene, we have found that the protein expression levels are often high enough to limit cell growth to the extent that recombinants can be identified by observing differences in optical density (OD) 600 measurements between induced and uninduced cultures. Although the phenomenon of cell growth inhibition due to the metabolic effects of protein overexpression (not including protein toxicity) has been previously documented (2), it has not been used as an initial screening method in the search for clones that overexpress a recombinant protein. We describe how we have screened colonies by measuring the OD 600 of cell cultures.
Directional cloning experiments were performed with expression vector pKK223-3 (Pharmacia Biotech, Piscataway, NJ, USA), which contains the tac promoter, and recombinant DNA from a three-fragment ligation reaction was transformed into E. coli JM105 cells. Colonies resulting from the transformation were placed into 1 mL of LB medium with 100 µ g/mL ampicillin and 1% (wt/vol) glucose. In a typical experiment, 30 clones were chosen for screening. This culture was placed in a 1.5-mL microcentrifuge tube and incubated at 37°C for 2 h at 250 rpm. These cultures were diluted 1:5 in 4 mL of the same media, and the OD 600 was then monitored, requiring 10 min for each set of OD 600 readings for 30 colonies. When the OD 600 reached approximately 0.6 (which takes about 3 h), the culture was mixed with an additional 4 mL of media and divided into two aliquots. One aliquot was induced with 1 mM isopropyl β -D -thiogalactopyranoside (IPTG) and an additional 100 µ g/mL ampicillin. Seven colonies that showed the largest uninduced/induced OD 600 difference (with the uninduced OD 600 being larger) were chosen for sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). A single OD 600 measurement at 3 h post-induction was used as the basis for selection of recombinants. Our results show that 57%-86% (71% average) of the recombinants chosen for SDS-PAGE expressed fusion proteins of the correct size (Table 1) and that the method is applicable to an expression level of 7% of the total cell protein. Approximately 25% of the 30 colonies chosen for screening contained the correctly ligated fusion gene. SDS polyacrylamide gels were stained with Coomassie ® Brilliant Blue, and fusion protein expression levels were quantified using ImageQuaNT ™densitometry software (Molecular Dynamics, Sunnyvale, CA, USA).
As a negative control, seven colonies showing no difference in OD 600 between induced and uninduced cultures (or colonies in which the OD 600 of the induced culture was larger than that of the uninduced culture) were analyzed by SDS-PAGE. These colonies invariably showed no overexpression of fusion protein, as indicated in Table 1 . This method reduces the time to confirm protein overexpression to two days as opposed to three days when restriction analysis is used initially. Also, although this method does not serve as a replacement for the characterization of recombinant DNA by plasmid size or restriction analysis, it significantly reduces the cost of initial screening by eliminating the plasmid purification and restriction analysis of clones that do not overexpress the desired recombinant protein. Using Eco RI and Age I for restriction analysis, the method reduced our cost by about $150 per cloning experiment. Moreover, the method requires plasmid purification and restriction analysis only on a clone that expressed a fusion protein of the correct size. Although this method potentially could be used for toxic overexpressed proteins (not tested here), it is not amenable to weakly expressed proteins. Today, many plasmids for expression studies in strains of Escherichia coliare available. Most of them are based on high-copy-number vectors like pBR322 or the pUC-series plasmids. Transcription of the gene of interest is commonly initiated from powerful promoters whose activity is controlled by an inactivatable repressor. The gene encoding the repressor is either located in the host chromosome, on a compatible co-plasmid or directly on the expression vector, which increases the number of suitable hostvector combinations.
One of the most popular promoter systems for use in expression studies is the lac -UV5 promoter, a catabolite-insensitive mutant of the E. coli lac operon promoter p lac (10). Initiation of transcription from lac -UV5 and p lac is controlled by the lac I repressor, which is inactivated by addition of isopropyl β -D -thiogalactopyranoside (IPTG). However, induction of promoter activity with IPTG is expensive and therefore sometimes not suitable when using bacterial expression systems in a largescale bioreactor process. In these cases, the thermoinducible cI 857-p R or cI 857-p L promoter-repressor systems derived from bacteriophage lambda serve as alternatives (8). Transcription from the powerful p R promoter is repressed by the mutated lambda repressor encoded by the cI 857 gene in cells growing at 30°C. At an incubation temperature of 42°C, the thermolabile repressor is inactivated, and transcription is enabled. Induction of the λ -p R promoter can also be achieved by an alkaline pH shift of the growth medium (6), a method that can easily be used in fermentation bioreactors. These expression systems are suitable for high-level expression of heterologous proteins in E. coli leading up to 40% of total protein synthesized (8). However, a decreased growth rate of recombinant cells is often observed when expressing a cloned gene encoded by a multicopy plasmid and induced from a strong promoter (1) . Respectively, high-level production of even a normal nontoxic product can be disadvantageous and can lead to decreased stability of the particular host-vector system (3). Because plasmid stability is obviously an essential prerequisite for successful expression of heterologous proteins, efforts were made to achieve stable host-vector associations.
However, only a few expression vectors based on low-copy-number plasmids are available for moderate overexpression in E. coli (4, 12) , and none use a thermoinducible promoter-repressor system and show an increased plasmid stability.
Therefore, we have constructed a set of low-copy-number vectors with different unique restriction sites suitable for moderate overexpression of bacterial genes in strains of E. coli . These pSC101-derived plasmids combine the advantages of the thermoinducible λ -cI 857-p R promoter-repressor system with an increased plasmid segregation stability. In addition, they are useful as co-plasmids for ColE1-and p15A-derived vectors in complementation studies. The cI 857 gene encoding the thermolabile lambda repressor is located on the expression plasmids to increase the versatility of the usable host-vector associations. In contrast to most of the other λ -cI 857-p R expression vectors, the p R promoter lacks the ribosomal binding site and the start codon of the λ -crogene. The exclusion of these features avoids the translation of a fusion 362BioTechniques
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